Background: The process of returning to work after cartilage treatment has not been studied in depth, even though a better understanding of potential outcomes could lead to significant benefits for the general population.
PROCART-RTW score Articular cartilage injuries are among the most common injuries in the knee and can be observed in all age groups. 3, 4 Cartilage has low self-repair capacity due to the lack of a blood supply. 5 As a result, injured cartilage may progress to a full degeneration. 8 In 1966, articular cartilage injuries were classified into 3 main categories by O'Donoghue. 23 A number of strategies have been developed to deal with this problem, including palliative, reparative, and restorative interventions. However, the morbidity resulting from an injury may remain even after treatment interventions and may force patients to adapt their lifestyle, including reduction of daily life activities. Because many people are now living a more active lifestyle, including increased participation in sports at both recreational and competitive levels, interest in studying return to work and return to sports after articular cartilage repair has increased. Several studies, including systematic reviews, have shown that return to participation in sports by athletes is possible after articular cartilage repair intervention. 6, 9, [19] [20] [21] [22] Surgical interventions, such as microfracture, osteochondral autograft transplant (OAT), osteochondral allograft transplant, and autologous chondrocyte implantation (ACI), have been shown to improve knee pain and functional scores in athletes. 6, 7, 14, 22 The time to return to sports after cartilage repair has been widely studied. The mean period before return to sports after various procedures has been reported to be in the range of 7.1 to 16 months. 6 The time to return to sports in athletes is shortest in patients undergoing OAT, followed by microfracture, allograft, and ACI. 6 A better prognosis after surgery has been observed in patients with small defects, younger age, a short preoperative period, no previous surgical interventions, and strict adherence to rehabilitation measures. 6 However, because people generally spend more time working than they do participating in sports activities, the return-to-work period is an important consideration. Based on available data, it appears that studying return to work has been of much less interest even though it may potentially lead to great benefits for a large segment of the general population. To that end, it is crucial that surgical outcomes be assessed in order to optimize the return-towork capacity.
This study aimed to determine which surgical interventions are most effective in helping patients return to work and to identify specific factors that significantly affect the ability to return to work.
METHODS
A search for relevant medical databases for articular cartilage treatment and return to work in the English language was conducted during the period from January 1966, when articular cartilage injuries were first classified into 3 main categories by O'Donoghue 23 based on the mechanism of injuries and type of lesions, to January 2019. The medical databases were searched using MEDLINE/PubMed with the terms knee defect, knee lesion, articular cartilage repair, return, sick, leave, absenteeism, rest, work, job, activity, debridement, microfracture, marrow stimulation, chondroplasty, abrasive, osteochondral allograft, osteochondral autograft, tibial osteotomy, femoral osteotomy, autologous chondrocyte implantation, stem cells, and articular cartilage repair. Searches were performed in other databases, including EMBASE, and we reviewed articles related to articular cartilage injury and repair among scientific meeting abstracts. All studies that included clinical results and concomitant information on articular cartilage repair were reviewed. Studies reviewed include those that described work-or activity-related functional outcomes; the ability to return to work after articular cartilage treatment received special attention. This systematic review of the literature was performed following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines ( Figure 1) .
Initially, only limited information was found in the medical databases, so all of the medical databases were analyzed further in a secondary review. Because cartilage injuries are often associated with other injuries, studies with concomitant operative procedures due to associated injuries were also accepted. Two studies that combined 2 procedures were included because these were the only allograft studies describing return to work. 30, 31 All studies included had at least 24 months of follow-up. Finally, 5 studies were found to be relevant to our research objectives. 1, 17, 24, 30, 31 Data from each of the studies, including design, characteristics, level of evidence, and surgical information (eg, patient demographics, lesion characteristics, operation technique, concomitant procedures, and follow-up data), were systematically analyzed. Information describing levels of work activity (eg, activity scores such as time to return to work and level of work activity) was collected. Scores used in studies, such as the Tegner activity scale, Lysholm-Gillquist score, modified Cincinnati Knee Rating System, Knee injury and Osteoarthritis Outcome Score (KOOS), and International Knee Documentation Committee score, were included as measurements of outcomes.
Statistical analysis was performed through use of Stata Version 15 (Stata Corp). Data are presented as mean and standard error of the mean (SEM). Statistical significance was set at P .05.
RESULTS
The analysis included 5 studies describing 283 patients (Table 1) . 1, 17, 24, 30, 31 All included studies were conducted after the year 2000. ACI and osteochondral allograft were the only 2 procedures that included reports of the return-towork rate. Interestingly, we found no reports on microfracture even though it is one of the most common restorative procedures. The overall mean patient age in the studies was 33.78 ± 8.17 years, and the mean follow-up was 59.05 ± 23.91 months. Most studies included isolated defects with a mean defect size of 4.53 ± 0.43 cm 2 . Defect size was largest in patients undergoing cartilage repair with osteochondral allograft transplant (mean, 4.9 cm 2 ) followed by ACI with high tibial osteotomy (HTO) (mean, 4.6 cm 2 ) and ACI (mean, 4.4 cm 2 ) ( Table 2 ). Most lesions were located in the medial femoral condyle ( Table 3 ).
The ACI procedure was the most common intervention (3 studies; 227 patients). 1, 17, 24 We found that 2 studies used second-generation ACI with a collagen type I/III cover, whereas 1 study used first-generation ACI with periosteum cover. The 2 studies with osteochondral allograft reported the use of fresh-stored allograft. Concomitant procedures were performed in 4 studies with 63 patients including osteotomy, 1, 30, 31 anterior cruciate ligament repair or reconstruction, 17,31 meniscal debridement, 30 meniscal allografts, or implant removal. 31 
Functional Outcomes
The overall mean time to return to work, calculated from data available in 4 studies, averaged 4.80 ± 3.02 months after a cartilage repair operation. 1, 24, 30, 31 Most of the patients were able to tolerate moderate to heavy physical strain, including military duties ( Table 3 ).
The mean time to return to work after ACI was 3.34 months, whereas return to work after ACI with HTO at 3.15 months was slightly shorter than with ACI alone. The mean time to return to work for full duty after osteochondral allograft was 12.1 ± 6.9 months, significantly longer than for ACI and HTO (P < .05).
Almost 100% of patients returned to work after ACI or ACI with HTO; however, only 51.78% of those who underwent osteochondral allograft returned to their former work activity (P < .01). It is important to note that those studies included active duty military personnel with very highdemand activity. No statistically significant difference was found in time to return to work between ACI alone and ACI with HTO (P > .05). We found that 2 studies included information on work intensity after return to work. 1, 24 The rate of return to preinjury work level was 90.8% in patients who had undergone ACI, significantly higher than the 21.42% for those with a high-demand military work receiving an osteochondral allograft (P < .05).
Outcome Scoring
Regarding evaluation of knee function in daily life after ACI, alternative scoring systems have provided differing clinical outcomes. Measurements using the modified Cincinnati Knee Rating System have shown good to excellent 
Patient-Specific Factors
Work Intensity. Time to return to work was strongly associated with the physical workload in each occupation. In 1 study, patients performing job-related activities involving small to moderate physical strain returned to work significantly sooner after ACI surgery than did patients whose jobs involved the greatest physical strain (2.8 ± 2.45 vs 5.15 ± 3.5 months, respectively; P ¼ .0038). 24 In another study, patients with jobs that involved low physical strain who underwent ACI and HTO returned to work significantly sooner than patients whose jobs involved heavy physical strain (2.27 ± 2.04 vs 5.16 ± 3.7 months, respectively; P ¼ .023). 1 The mean duration of sick leave after ACI was approximately 1.5 days per year (range, 0-58 days) compared with 155 days per year before surgery. 17, 24 A study of osteochondral allograft transplant among military personnel reported that time to return to work was associated with the specific branch of service. The time to return to work was longer for individuals in the Marines and Navy than for those in other branches (P < .05) of the armed forces. 31 Age. The mean time to return to work after ACI was not significantly correlated with patient age. In 1 study, patients younger than 30 years of age took 2.7 ± 1.17 months to return to work, whereas patients aged 30 to 45 years and those older than 45 years of age returned to work after 3.72 ± 2.975 and 3.5 months, respectively. 24 Similarly, no significant association was found between age and time to return to work after osteochondral allograft. None of the reports included in this review provided age data for both ACI and HTO patients.
Other Factors. In 1 study, no significant differences were found in time to return to work after ACI related to the area of lesion, the defect size, or the sex of the patient. 24 No data were available to compare return-to-work rates between first-and second-generation ACI; however, both first-and second-generation ACI studies showed good clinical outcomes. Concomitant HTO and ACI procedures did not alter time to return to work. Another study reported that there was no difference in return-to-work outcome after osteochondral allograft related to the area of the lesion, the size of the lesion (552.3 mm 2 for return to full duty vs 472.6 mm 2 for return to limited duty and 488.9 mm 2 for no return to duty), number of osteochondral plugs, concomitant procedures, or prior surgical interventions. 31 However, an association was found between a patient's weight and his or her return-to-work status. The mean body mass index (BMI) for return to full duty was 26.0, compared with 27.9 for return to limited duty and 28.7 for no return to duty, but the difference was not statistically significant. 31 No other related factors were mentioned in the studies of ACI with HTO, and there was no mention of prior procedures in relation to the return-to-work outcome.
DISCUSSION
Returning to work is a crucial step in recovering from injury, and it means that individuals can return to a normal life, often reducing the injury's social, financial, and emotional impact on both the patient and their families. Returning to work may mean that individuals have gone back to their previous post, have taken another position, or are working reduced hours or modified duties.
Articular cartilage injuries occur frequently and can have a significant impact on not only the individual but also society. Several surgical methods are available to treat these injuries, all of which result in satisfactory outcomes. It appears that reporting the return-to-work capacity may lead to great benefits for a large segment of the general population, for example, by helping both surgeons and patients understand realistic effects of the planned procedure, suggesting pre-and postoperative rehabilitation processes, and indicating when to operate and which actions should be taken before and after surgery. To that end, it is crucial that surgical outcomes be assessed to optimize the patient's capacity to return to activity.
Several clinical outcome studies on return to previous activities have been conducted, mostly regarding return to sports. The mean reported time to return to sports varies from 7.1 months to 16 months depending on the procedure as well as the severity of the injury. 6 Studies of return to sports in athletes usually present data uniquely related to competitions and challenges. These data are specific to the greater biomechanics and excessive movement demands seen in athletes and may differ from those in the general nonsporting population. However, data are lacking regarding time to return to work in the general population; in particular, there are no randomized studies examining return-to-work rates, an area that could be considered to have wide importance. Despite our exhaustive literature search, we found only 5 studies that addressed return to work after articular cartilage surgery.
The primary approach in this study was to review the literature to evaluate the relationship between surgical intervention in cartilage treatment and return to work after articular cartilage injury. Surprisingly, although microfracture is one of the most frequently used interventions for articular cartilage treatment of knees, no studies were available showing return to work after this surgery in the general population. However, we found many studies of microfracture that reported on return to sports, including clinical score, failure rate, and osteoarthritis progression. No definitive conclusions can be made given the few studies available and the heterogeneity of these studies.
Some studies indicated that patients who undergo microfracture are less likely to return to sport than athletes who undergo ACI or OAT. 6, 10, 15 The rate of return to sports for athletes was reported to be 66%, with a mean time to return after microfracture of 8 months, 20 which is much higher than the mean time to return to work found in the current review. Several studies found various factors to be involved in return to sports after microfracture. One factor is age, which can affect metabolic activity, repair, and synthesis in cartilage. Other factors include the duration of symptoms, lesion characteristics, overall recovery period, delay before surgery, and socioeconomic lifestyle adaptation. 20, 21 These factors could be more closely examined in future studies of return to work after microfracture surgery in the general population.
Only 3 studies reported data on return to work after ACI 1, 17, 24 in the general population in contrast to the relatively large number of studies on return to sports after ACI. 19, 28 The present review found that the surgical techniques of first-and second-generation ACI provide similar results in return to work. Return to work after surgical intervention with ACI is faster than return to sport (3.34 ± 2.75 vs 18 ± 4 months, respectively). 19 The mean return to work period in this review appeared closely correlated with age and work intensity; that is, younger patients (<30 years) returned to work sooner than older patients (30 years). The good recovery in the younger age group in the general population is in agreement with findings on return to sports. 19 The difference between age groups may possibly be explained by the number of comorbidities, which tend to increase with age. In addition, patients undergoing ACI tend to have a more active lifestyle, 12 so their expectations may be a factor in their more rapid recovery. The ability to return to work is also associated with clinical function scoring. A significantly high percentage of good and excellent scores on the modified Cincinnati Knee Rating System is an indication of good long-term functional improvement in the general population, 25, 26 similar to the results for return to sports. 22 HTO is used to correct concomitant malalignment to optimize the biomechanical environment for the healing site in cartilage repair intervention, including in ACI. 2, 11 This review found that the return-to-work rate after ACI with HTO was not significantly different compared with the rate for ACI alone. The approximate time to return to work was also similar to the 2.9 months with HTO alone. 29 Functional outcomes show that patients experience good recovery as evidenced by improvement of VAS scores, significant increase of knee function as measured by the Lysholm score, and good to excellent results on the KOOS. These outcomes may indicate that the combination of alignment correction and cartilage repair neither increases nor reduces the capacity to return to work. However, future research should ascertain whether different HTO techniques result in different return-to-work outcomes.
Data on osteochondral allografts showed a significantly longer time to return to work compared with the mean for all cartilage repair interventions. The time to return to work after allograft was also longer than that for return to sports (12.1 ± 6.9 vs 9.6 ± 3 months, respectively). 16, 31 However, it is important to note that the original study of osteochondral allografts was conducted in a military population. 30, 31 The greater intensity of effort and more extreme physical activity among members of the military may contribute to the longer recovery period. The outcomes reported in studies of military servicemembers also showed a great variation in ability to return to work; rates of return to preinjury work were between 5.56% and 29%. 30, 31 This implies that outcomes may be different for patients who perform dissimilar military duties or in studies of less physically demanding occupations. No studies were available on return to work after OAT in the general population; however, studies of return to sports showed that the mean recovery period with OAT is shorter than with other surgical interventions, including osteochondral allograft transplant. 6 It might be interesting to investigate the relation between OAT and return to work.
The secondary approach in this study was to review the literature to evaluate the relationship between work intensity and return to work. Work intensity is negatively correlated with return to work. A high physical workload is assumed to be a detrimental factor for recovery. This is in line with the results of studies on return to sports where high-level competitive athletes have a lower return rate compared with recreational athletes. 6 Studies on return to sport mostly present the relationship between outcomes for different levels of competition or for a specific type of sport. Future studies could expand on this and develop a system for making prognostic judgments regarding return to work after cartilage repair by relatively predicting the outcome based on physical work intensity, somatic status, and lesion type. Some return-to-work studies report on the relationship of outcomes to specific work intensity categories. For example, the REFA classification (from the REFA Association in Germany) categorizes outcomes in relation to work intensity. 24 Several classification systems have been adapted for use in prediction of return to work after other orthopaedic procedures, for example, the DOT classification system (from the Dictionary of Occupational Titles), which is used in arthroplasty studies. 18 However, those classifications focus primarily on weight-carrying or exertion and movement in the vertical plane, but they include only minimal objective definitions. As a result, the use of these classifications may be limited to only some subpopulations. A more generally applicable classification system, which includes categories for horizontal plane movement, frequency of work activity, and objective parameters, is needed for use with the general population.
Time to return to work may not rely solely on the patient's physical factors but may entail multiple other confounding factors. Outcomes are believed to depend on several specific factors including patient compliance with rehabilitation protocols, where strict compliance is one of the keys to successful recovery. The level of patient compliance is individual and may be affected by several factors including concomitant injuries as well as psychological and social factors. Several studies have shown that the expense of cartilage treatment to the patient involves not only the direct cost of the operation but also indirect costs such as expenses related to visiting the patient and purchase of medication. 17, 32 A quicker return to work can minimize those indirect costs. Additionally, there are several areas in which the general population and athletes may differ after surgery. Follow-up in the general population may be less frequent than with athletes, the latter normally having a special medical team to closely monitor their progress. In addition, athletes' contracts can include clauses that link remuneration to participation, which would tend to motivate faster return to active play. These sport-related factors contrast with the standard provisions in employment contracts regarding paid sick leave and absenteeism after surgery in the general population. An extended paid sick leave period may actually increase the time to recovery, especially if the sick leave compensation is generous. All these factors should be taken into consideration when researching time to return to work.
One area in particular, research on outcomes of cartilage repair, would benefit from attention to time to return to work. To predict the time to recovery after cartilage repair, a scoring system should be adopted that includes several critical items of information, for example, details of work intensity related to job-specific classifications, lesion characteristics, and patient demographics (eg, age, BMI, alignment of the knee, and preoperative range of motion). In addition, whether the patient is authorized to receive sick leave compensation needs to be included as one of the factors. To that end, we have prepared a return-to-work prognostic scoring system, the Prognostic Cartilage Repair Return to Work (PROCART-RTW) score (Figure 2 ). This scoring system is intended to be a first draft that includes a summary score of somatic, psychological, and work typerelated factors that could potentially affect time to return to work. The draft scoring system also includes factors known to be related to healing potential after surgery, including The Orthopaedic Journal of Sports Medicine Returning to Work After Articular Cartilage Repair 7 obesity (BMI), 13 level of physical effort or intensity of work, 33 and initial defect size. 27 This proposed scoring system is based on work intensity grading as delineated by REFA scores 20 and includes additional patient demographics. The scoring ranges from 0 to 89; the minimum score of 0 indicates the highest chance of returning to work whereas the maximum score of 89 indicates the lowest chance of returning to work after cartilage repair. This scoring system is suggested as a tool for clinicians to use in patient selection, choice of intervention, and prediction of postoperative recovery. The scoring system could also provide patients with additional information regarding what to expect after a cartilage repair.
This review has several limitations. The first is the limited number of studies on return to work and hence the relatively small number of patients for whom information is available. Second, there are no studies of return to work after alternative interventions (eg, microfracture), where outcomes could be quite different. Third, insufficient information is available to adequately assess some specific aspects (eg, postoperative complications after return to work), which could be important for treatment planning. Fourth, the populations in some of the studies included in this review are unique, such as the study of military personnel, whose activity profile could be quite different from that of the general population. Fifth, no randomized studies have examined return to sport or return to work. Cultural differences influence return to work, and the amount of workers' compensation varies among countries. Subsequently, it is important that all future cartilage repair studies report on the return to work. Randomization might be more difficult to perform, but today's registries could document work disability and return to work.
Our proposed return-to-work score, which needs to be validated, is a suggestion to help both surgeons and patients understand realistic effects of the planned procedure. The score can be used to start preoperative rehabilitation processes, determine when to operate, and identify actions that should be taken before and after surgery.
CONCLUSION
The vast majority of published results on cartilage repair do not include data on return to work; the few studies that do include such data do not stratify the patients by type or demand of work. Available studies show that individuals are often able to work at their preinjury level after ACI and ACI with HTO, but they are less likely to be able to do so after treatment of large lesions with osteochondral allografts. Because few comparative studies are available, further randomized studies are needed to improve our understanding of time to return to work and capacity to work after various surgical procedures, such as microfracture and OAT. A scoring system such as the PROCART-RTW that can predict probable surgical outcomes could potentially assist both clinicians and patients in the evaluation of treatment options.
